Suboptimal use of aet was observed in at least one third of women. In rt non-receivers, aet use was worse than it was in rt receivers. Initiation of new medications and hospitalizations increased the risk of non-persistence.
INTRODUCTION
The National Comprehensive Cancer Network clinical practice guidelines state that, after breastconserving surgery (bcs), women 70 years of age and older with early-stage breast cancer can forego radiotherapy (rt) if they receive adjuvant endocrine therapy (aet) for 5 years [1] [2] [3] . When taken for 5 or more years, aet represents a low-risk, easily administered treatment that constitutes an ideal strategy for reducing the impact of disease in women with hormone receptor-positive breast cancer 4 . However, the effectiveness of aet depends on optimal aet use, which has at least two dimensions: persistence (continuing to take the medication for as long as prescribed) and adherence (taking the medication as prescribed) 5 . Deviations from optimal aet use may curb its expected preventive and curative benefits 6 , and prior research has shown that women at the extremes of age range-that is, those less than 40 years or more than 75 years of age-are particularly likely to be non-persistent and nonadherent 7 .
The decision to omit rt is often based on the assumption that patients 70 years of age and older will be taking their aet according to guidelines and accruing maximal benefit from it. However, little is known about actual aet use in this age group. Approximately 30% of incident breast cancer cases
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Purpose
Breast cancer treatment guidelines state that radiotherapy (rt) can reasonably be omitted in selected women 70 years of age and older if they take adjuvant endocrine therapy (aet) for 5 years. We aimed to assess persistence and adherence to aet in women 70 years of age and older, and to examine differences between rt receivers and non-receivers.
Methods
Quebec's medical service and pharmacy claims databases were used to identify seniors undergoing breast-conserving surgery (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) and initiating aet. Cox proportional hazards models were used to identify predictors of aet non-persistence.
Results
Of 3180 women who initiated aet (mean age: 77.5 years), 28% did not receive rt. During the subsequent 5 years, 32% of patients who initiated aet did not persist, 2% filled only a single prescription, and 22% switched medications. Compared with rt receivers, non-receivers discontinued more often (35.5% vs. 30.1%) and earlier (1.4 years vs. 1.6 years). They also became nonadherent earlier (medication possession ratio < 80% at year 3 vs. at year 5). Predictors of nonpersistence included rt omission [hazard ratio (hr): 1.26; 95% confidence interval (ci): 1.09 to 1.46] ; age (hr per decade increase: 1.15; 95% ci: 1.01 to 1.31); new medications (hr per medication: 1.01; 95% ci: 1.00 to 1.02); and hospitalizations during aet, (hr per hospitalization: 1.08; 95% ci: 1.05 to 1.11) . In a subanalysis of rt non-receivers, significant predictors included hospitalizations (hr: 1.07; 95% ci: 1.02 to 1.12 ) and medications at aet start (hr: 0.94; 95% ci: 0.91 to 0.97).
occur after the age of 70 years, and elderly women are the fastest-growing segment of the population 8 . Understanding the patterns and predictors of aet use in this group might allow clinicians to determine which women can and cannot safely forego rt without incurring an avoidably high risk of recurrence and decreased overall survival 9 .
Senior residents in Quebec are eligible for enrollment in the public prescription drug insurance plan. The provincial health insurance agency, ramq, keeps administrative databases containing records of the prescription drug and medical services use by its beneficiaries. When linked, those databases provide a unique opportunity to study patterns and to identify predictors relating to health care and medication access and use that are less likely to be confounded by socioeconomic inequities 10, 11 . The purposes of the present study were to assess aet use (in terms of rates and predictors of persistence and adherence) over 5 years in women 70 years of age and older with early-stage breast cancer treated with bcs, and to examine differences in aet use among patients in Quebec who had and had not received rt.
METHODS
Setting and Data Sources
The source population consisted of senior residents living in Quebec and enrolled in the public health and prescription drug insurance plan. Data for the study were available from 1997 to 2007 and were acquired through anonymous linkage of these administrative databases:
• The ramq medical services database, containing records of fee-for-service claims for physician visits 12 • The ramq prescription claims database 12 • The ramq registrant database, containing demographic information (name, sex, dates of birth and death, postal code, and material deprivation index) • The Quebec Ministry of Health and Social Services discharge abstract database (med-écho) 12 , which captures administrative and clinical information on nearly all hospital discharges in the province Quebec's material deprivation index, provided to ramq by the National Institute of Public Health of Quebec 13 , is calculated using data from the Canadian census 14 . Ethics approval for the study was obtained from the Research Ethics Office at McGill University and the provincial Access to Information Office.
Design and Study Population
Our historical prospective cohort study included women 70 years of age and older who were treated with bcs between January 1, 1998, and December 31, 2005 , and who initiated aet within 1 year of bcs. Incident bcs procedures were identified using ramq procedure codes in med-écho (Table i) and primary diagnostic codes from the International Classification of Diseases, 9th revision, adapted for Quebec (icd-9-qc) 15 corresponding to localized tumour topography (Table ii) 16 and confirmed through Quebec's tumour registry. Initiation of aet was ascertained using prescription claims corresponding to aet drugs (Table iii) .
To ensure that at least 1 year of medical service history after bcs was available for all patients, women who became ineligible for medical insurance in the year after bcs were excluded. The date of bcs was considered the index date. Women who underwent mastectomy (Table ii) within 1 year of bcs or who received chemotherapy within 4 months of bcs (Table i) were excluded from the study on the premise that they must have had more advanced breast cancer, making them ineligible for rt exclusion. It was assumed that women who initiated aet had an estrogen receptor-positive breast cancer 17 .
Assessment of Patient Characteristics
Patient characteristics were assessed for the year before bcs and during the time on aet. Age at diagnosis was obtained from the registrant database. The comorbidity profile of each patient was assessed using the Charlson comorbidity index (cci), calculated using the enhanced icd-9 coding algorithm published by Quan et al. 18 for use with administrative databases. We adjusted the algorithm by removing the icd-9 codes for the study condition ( Table ii) , given that all women in the cohort had breast cancer by default. The residence of each woman was classified as rural if the second digit of her postal code was 0; otherwise, it was classified as urban, in accordance with Canada Post Corporation delivery service 19 .
Assessment of Patterns of Health Service and Medication Use
The number and types of prescription medications dispensed to members of the cohort were assessed using the ramq prescription claims database at baseline (3 months before aet initiation) and from the date of aet initiation onward, using drug codes from the American Hospital Formulary Service 20 . Specifically, we characterized the cohort's use of anticonvulsants, antidepressants, benzodiazepines, antipsychotics, and opioids (Table iii ). An "aet switch" was defined as the dispensing of an aet (tamoxifen, letrozole, exemestane, or anastrozole) different from the one originally initiated during follow-up. Using med-écho, the number of hospital admissions was assessed from the date of aet initiation for as long as the patient remained on aet.
Receipt of rt was ascertained from the presence of claims in the ramq medical services database for ramq procedure codes (Table i) corresponding to treatment with rt and assessed up to 1 year after diagnosis, per guideline recommendations.
Assessment of Non-persistence
We considered that patients had become non-persistent to aet (that is, they had discontinued it) if 60 days had elapsed without a refill since the prior prescription. The 60-day time period was chosen because nearly all prescriptions (94.5%) were dispensed for 30 days. In Quebec, pharmacists have an incentive to split a 90-day prescription into three 30-day supplies so that they receive three dispensing fees, for a grand total that is higher than the fee they would receive if they dispensed only once 21 .
Assessment of Adherence
Adherence was measured using the medication possession ratio (mpr), defined as the percentage of eligible days in the 5-year follow-up period during which a woman had a supply of aet, as ascertained by the presence of prescription claims [22] [23] [24] [25] . We adjusted the mpr by accounting for overlaps (early refills) and gaps (late refills). If an overlap was noted in the supply days of two prescriptions, the days of overlap were added to the end of the second prescription. If a gap was noted between two prescriptions, those days were not included in the count of days of aet supply. We descriptively report the mean annual mpr and the proportion of patients who maintained a mpr of 80% or higher per year. Although patients are often assumed to be "adherent," no clinically significant adherence threshold for aet has been established for breast cancer patients to date 7, [25] [26] [27] [28] [29] . However, adherence of less than 80% has been shown to be associated with poorer survival 9 .
Follow-Up and Censoring
Women were followed for 5 years from the date of aet initiation. Censoring occurred if a woman did not experience the outcome before the end of the observation period (5 years), if she died or was lost to follow-up, or if December 31, 2007, was reached (end of available data) before the end of the 5-year followup period, whichever came first. Loss to follow-up most commonly resulted when patients ceased to be eligible for drug or medical insurance for various reasons (moving out of the province, for instance). a Drug identification number (din) or American Hospital Formulary Service (ahfs). b An "X" in ahfs numbers means any digit (that is, only the first 6 digits are considered).
Statistical Analysis
We first examined differences in baseline characteristics between the women who had and had not received rt. Those analyses used chi-square or two-sample t-tests (for categorical and continuous variables respectively). We used Cox proportional hazards regression to evaluate the crude and adjusted associations between predictors and non-persistence (time to first discontinuation) and to estimate nonpersistence hazard ratios (hrs) and 95% confidence intervals (cis). Subsequently, a stepwise selection of significant variables was performed, keeping age and cci score in the model. Women entered the cohort dynamically and contributed person-years at risk until they experienced the outcome or were censored. Collinearity between variables was assessed using a Pearson correlation matrix. No variables were excluded from the model because of correlations with other variables (Pearson coefficient of ≥0.5). Interaction terms between time to discontinuation and number of drugs at baseline, number of new drugs started, and admissions while on aet were introduced to the model one at a time, but none of those variables was found to be significant.
Kaplan-Meier curves were constructed to compare time to aet non-persistence (discontinuation) between rt receivers and non-receivers. In a secondary analysis, we examined predictors of non-persistence in the sub-cohort of women who did not receive rt.
All p values are for two-tailed tests, with statistical significance defined as p ≤ 0.05. The SAS software application (version 9.3: SAS Institute, Cary, NC, U.S.A.) was used for all analyses.
RESULTS
Cohort Characteristics
Between January 1, 1998, and December 31, 2005, 3573 women 70 years of age and older who underwent bcs for localized breast cancer in Quebec were alive, insured, and had initiated aet within 1 year after their surgery. Of those women, 168 (4.7%) received chemotherapy and 225 (6.3%) underwent mastectomy within 1 year after bcs and were thus excluded. The remaining 3180 women (mean age: 77 ± 5.2 years) constituted the study population.
In the study cohort, 28% had not received rt, 84% lived in urban areas, 81% started aet with tamoxifen (as opposed to an aromatase inhibitor), 61% had no major comorbidities (cci score of 0), and only 19% were experiencing severe material deprivation (Table iv) . Examination of selected medications revealed that 46% of the cohort had used opioids, 41% had used benzodiazepines, and 8% had used antidepressants in the 3 months before aet initiation. When compared with rt receivers, rt non-receivers were generally older (mean age: 80.9 ± 5.7 years vs. 75.9 ± 4.3 years).
Descriptive Outcomes
Mean time to aet initiation after bcs was 25 days (range: 14-43 days; Table v) . During follow-up, 22% switched aet medications. Overall, 37% of women were censored: 8% died, 4% were lost to follow-up, and data availability ended for 25% at some point before 5 years of follow-up had elapsed. The median follow-up time was 3.7 years (interquartile range: 2.1-5 years).
Patterns and Predictors of AET Non-persistence
Overall, 32% of women discontinued aet, with 2% of them filling just 1 prescription. Some women discontinued aet permanently (20%); others had multiple initiations and discontinuations (12%). The overall rate of discontinuation was 9.5 episodes per 100 person-years. Compared with rt receivers, non-receivers discontinued more often (36% vs. 30%). More rt non-receivers (2.8% vs. 1.3% of rt receivers) filled just 1 prescription before discontinuing. Compared with rt receivers, rt non-receivers had a higher rate of discontinuation (11.7 episodes vs. 8.7 episodes per 100 person-years). In addition, rt non-receivers discontinued earlier than rt receivers did (median time to first discontinuation: 1.4 years vs. 1.6 years).
On multivariate analysis ( In a secondary analysis of rt non-receivers exclusively, hospital admissions during aet increased the risk for discontinuation (hr: 1.07; 95% ci: 1.02 to 1.12), and an increasing number of medications used at the start of aet decreased the risk (hr: 0.94; 95% ci: 0.91 to 0.97; Table vii) . Compared with rt receivers, rt non-receivers became non-persistent significantly faster (Figure 1 ).
Patterns of AET Adherence
Over time, the percentage of women considered adherent ( Figure 2 ) and the mean annual mpr (Figure 3 ) gradually declined for both rt receivers and rt nonreceivers, without a considerable difference in the rate of decline between the two groups. However, the mean annual mpr dropped below 80% much earlier for rt non-receivers (year 3) than for rt receivers (year 5, Figure 3 ).
DISCUSSION
In this prospective historical study of Quebec women 70 years of age and older treated for early-stage breast cancer with bcs, we demonstrated that 5-year persistence and adherence were suboptimal in at least one third of patients. Women who did not receive rt discontinued aet more often and earlier. In addition, those women became non-adherent earlier than did the rt receivers. Predictors of non-persistence included age, new prescription medications initiated, and hospital admissions during the 5 years of aet. Rural a Differences by radiotherapy status were evaluated by chi-square or two-sample t-tests for categorical or continuous variables respectively. b Assessed using the enhanced icd-9 coding algorithm for medical service databases by excluding icd-9 codes for breast cancer (because all women in the cohort had that condition by default). c Measures deprivation of the goods and conveniences that are part of modern life. Not available for smaller towns and rural communities. d Based on second digit of the patient's postal code (0, rural; 1-9, urban). Assessed in the year before initiation of adjuvant endocrine therapy. e Assessed in the 3 months before initiation of adjuvant endocrine therapy. residence and number of concomitant medications at aet initiation lowered the risk of non-persistence.
The high discontinuation rate in this cohort was not surprising. Several studies have observed discontinuation rates ranging between 30% and 50% among women on aet 6,7,9,30,31 . Older women are more difficult to recruit and follow, and most studies of patients 65 years of age and older therefore have smaller sample sizes 6, 25, 27, 28, 30, [32] [33] [34] , include women with advanced breast cancer 30, 32, 33 , or fail to achieve 5 years of follow-up 7, 26, 32 . In addition, almost no studies have evaluated the persistence and adherence to aet specifically in women 70 years of age and older who forgo rt according to guidelines. Several studies found older age to be a predictor of early aet discontinuation 6, 7 , but that finding has received little attention. Seniors with cancer have complex comorbidities 35 and tend to be more socially isolated 36 , to have low accrual to clinical trials 37 , and to be less likely to receive treatment because of their age 38 . Our study focused exclusively on women 70 years of age and older with early-stage cancer, in the context of Omitting rt after bcs is often based on the assumption that patients will be taking their aet as prescribed and for as long as prescribed. However, as did other studies, our study found that, compared with rt receivers, rt non-receivers were discontinuing more often (35.5% vs. 30.1%) and earlier (1.4 years vs. 1.6 years) 7, 27 . That finding is concerning, because shorter durations of aet have been associated with decreased overall survival. In relation to aet completion of only 2.4 years, McCowan et al. 9 reported a hr for mortality of 1.59 (95% ci: 1.14 to 2.21). Haque et al. 39 demonstrated an approximately 50% reduction in the risk of subsequent breast cancer for women with the highest adherence to aet. We found that approximately 2.0% of patients filled only a single aet prescription and that 22% switched medications. Early discontinuation and a high frequency of switches might be related to treatment toxicities (in addition to other factors). Unfortunately, few studies have reported on tolerance of aet outside of clinical trials 40, 41 .
It was not surprising that, in our study, the addition of new medications and hospitalizations over time affected persistence with aet. Consequences of an increasing number of medications over time include adverse drug effects 42 , and hospital admissions can result in an interruption to a woman's daily medication-tracking routine. In addition, such events might be indicators of a change in health status. Owusu et al. 6 reported an association between an increase in cci score and discontinuation of tamoxifen. Nonurban residence and concomitant medications at aet start lowered the risk of aet discontinuation. Better persistence in rural regions is probably indirectly associated with higher continuity of care. McCusker et al. 43 suggested that a different mode of organization of primary care practice in rural Quebec areas, characterized by physicians being affiliated with multiple sites and a greater integration of services, ensures access to, and continuity of, care-for example, because of the possibility of seeing the family doctor at an emergency visit. Concomitant medications were associated with favourable persistence, most probably because of learned medication management habits 44 . In a subanalysis of rt non-receivers (28% of the cohort), only hospitalizations during aet increased the risk for discontinuation; medications at aet start decreased the risk. Surprisingly, in neither group did the presence of comorbidities assessed using the cci score influence persistence to aet. The finding in our study that adherence progressively declined over time is also consistent with earlier observations 34 . We found that, compared with rt receivers, the non-receivers became nonadherent much earlier (at year 3 vs. at year 5). That observation is concerning because adherence of less than 80% has been associated with poorer survival 9 and an increased risk of subsequent breast cancer 39 . It might therefore be helpful to identify interventions that will specifically improve adherence in women not considered for rt. Several studies have suggested that strengthened physician-patient communication might result in improved patient perceptions and beliefs about the severity of disease or the effectiveness of therapy 32, 45 .
The joint Cancer and Leukemia Group B-Radiation Therapy Oncology Group trial showed statistically significant reductions of 3% and 8% over 5 and 10 years respectively in the rate of locoregional recurrence for women treated with bcs, rt, and aet, compared with women treated with bcs and aet alone 2, 3 . Although the absolute difference in risk reduction may not be clinically relevant in the context of competing morbidity caused by rt, the actual difference in risk reduction after adjusting for aet non-persistence and nonadherence outside of clinical trials (that is, in the general population) is unknown. Therefore, despite the practice guideline from the National Comprehensive Cancer Network 1 , the omission of rt for women 70 years of age and older with early-stage breast cancer remains a matter of debate. Khan et al. 41 suggested that omission of rt might be most appropriate in women more than 80 years of age (rather than in women 70 years of age and older), in women with comorbidities, and in women likely to be compliant with aet.
Further research is required to determine the long-term consequences of suboptimal aet use. Careful consideration both of prior characteristics and of events occurring during the course of therapy is necessary to select the right candidates for rt omission. Haque et al. 39 demonstrated a significant benefit of taking aet even if women took it irregularly. The atlas trial recently showed that continuing aet to 10 years rather than stopping at 5 years produces a further reduction in recurrence and mortality, particularly after year 10 4 . Therefore, even if women might be struggling physically (from side effects) because of taking aet daily, encouragement to continue their aet for as long as possible may substantially reduce the risk of breast cancer recurrence.
Optimizing persistence is especially important for women not considered for rt. Identification of traceable and modifiable factors such as the ones presented in the present study could trigger appropriate preventive actions when reported in time to health care teams. For example, electronic medical records could be used for surveillance of vulnerable patients. Medication reconciliation could ensure that women continue to take their aet after discharge, and prioritization of new medications could minimize the pill burden. At the same time, strengthening physician-patient communication has been considered essential 34 in improving aet use.
Our study has several limitations. As with other studies that use administrative claims, we were unable to assess physician-or patient-related reasons for nonadherence and discontinuation. We defined medication possession as the presence of medication refills rather than medication at hand. It was not possible to capture women who were prescribed but who did not initiate aet ("primary nonadherence"). In addition, comorbidity as measured by cci score might underestimate the comorbidity burden in elderly patients using fewer services 46 . Nevertheless, we were able to capture nearly all women who initiated aet during the study period in the province. In addition, the accuracy of the Quebec prescription database has previously been determined to be more than 99% for drug, dispense date, and duration 21 .
CONCLUSIONS
We demonstrated that long-term persistence and adherence to aet is suboptimal in at least one third of patients 70 years of age and older with early breast cancer. Use of aet among rt non-receivers was suboptimal and worse than that observed for rt receivers. Predictors of non-persistence included age, new prescription medications initiated, and hospital admissions during the 5 years of aet. Rural residence and greater number of concomitant medications at aet initiation lowered the risk of non-persistence. In the context of the atlas and Cancer and Leukemia Group B trials, efforts to optimize persistence and adherence to aet in senior women, especially those not considered for rt, might help to improve long-term treatment outcomes.
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